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FULL GRID CASSETTE FOR A PARALLEL
TESTER FOR TESTING A
NON-COMPONENTED PRINTED CIRCUIT
BOARD, SPRING CONTACT PIN FOR SUCH A
FULL GRID CASSETTE AND ADAPTER FOR
A PARALLEL TESTER FOR TESTING A
NON-COMPONENTED PRINTED CIRCUIT
BOARD

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a National Phase Patent Application and
claims the priority of International Application Number PC'T/
EP2008/063038, filed on Sep. 29, 2008, which claims priority
of German Patent Application Number 10 2007 047 269 .4,
filed on Oct. 2, 2007.

The mvention relates to a full grid cassette for a parallel
tester for testing a non-componented printed circuit board, to
a spring contact pin for such a full grid cassette and to an
adapter for a parallel tester for testing a non-componented
printed circuit board.

Apparatus for testing printed circuit boards 1s divided 1nto
two groups, these being finger testers, which serially scan test
points of a printed circuit board to be tested using a plurality
ol contact fingers, and parallel testers, which simultaneously
contact all test points of a printed circuit board to be tested by
means of an adapter. Such adapters are also known as grid
pattern adapters, because they convert a preset regular basic
orid of the test apparatus to the usually irregular arrangement
of the test points of a printed circuit board to be tested. An
adapter of this type as a rule comprises a plurality of spaced
guide plates with guide holes designed to accommodate test
needles. The test needles may inclined 1n the adapter,
enabling them to establish an electrical connection between
the contact points of the regular basic grid and the printed
circuit board test points, which as a rule deviate from the
regular arrangement of the basic grid.

As a rule, the adapter 1s not located directly on the basic
or1d, but a so-called full grid cassette 1s provided between the
basic grid and the adapter. Similar to the adapter, a full grid
cassette comprises a plurality of guide plates wherein contact
pins matching the pattern of the basic grid are provided. These
contact pins are designed as spring contact pins. The reason
for using a full grid cassette of this type lies 1n the fact that
such spring contact pins can be installed into the adapter
mapping the pattern of the basic grid onto the test points of the
printed circuit board to be tested, being too thick to be
inclined 1n the adapter. On the other hand, 1t 1s necessary to
compensate for variations in height caused by surface 1rregu-
larities 1n the printed circuit board to be tested and/or by the
inclination of the needles in the adapter by means of the
spring contact pins of the full grnid cassette.

A Tull grnid cassette of this type may be an integral part of
the test apparatus. It may, however, alternatively be designed
as a separate component which can be exchangeably located
on the basic grid of the test apparatus.

A special adapter has to be produced for each printed
circuit board type to be tested. The full grnid cassette, on the
other hand, 1s independent of the type of the printed circuit
board to be tested.

So-called plain needles can be used 1n the adapter. These
are thin, straight sections of wire with a thickness of 0.1 mm
to 0.2 mm. As nearly all testers are nowadays designed for
testing both sides of a printed circuit board, the test apparatus
requires the provision of adapters both below and above the
printed circuit board to be tested. If the needles are not to fall
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out of the adapter, they have to be secured therein. If using
such plain needles, they are secured either by means of a
perforated latex {ilm or by means of a nylon fabric. The latex
film has to be pre-perforated at the points where the needles
pass through 1t. The perforation of this type of film 1s very
expensive and difficult. Using a fabric 1s significantly simpler,
as the needles can penetrate the fabric between individual
threads. This however results 1n an offset of the needles which
can cause major problems as the density of the printed circuit
board test points and thus of the needles increases.

From EP 149 776 B1, test needles for an adapter are known
which have a spherical head at one end to prevent the sliding
of the test needles 1nto the adapter. The adapter described 1n
this publication 1s however only suitable for apparatus for the
single-face testing of printed circuit boards, because the test
needles with their spherical heads always have to be on the top
side of the adapter and the adapter cannot be turned upside
down. This type of test needle was developed further by
providing it with a spherical plastic head at a slight distance
from the upper end of the needle. As a result, a further perto-
rated plate could be placed on the adapter, thus securing the
plastic heads of the needles between this perforated plate and
a further guide plate. The needles secured 1n this way can no
longer fall out of the adapter. These plastic heads and the
additional retaining plate, however, require a minimum dis-
tance between adjacent needles, so that this securing method
does not allow for any further increase 1n the density of the
needle arrangement.

German Patent Application DE 10 2006 059 429.0, which
has not yet been published, describes a parallel tester for
testing non-componented printed circuit boards, the basic
orid of which 1s made up from two interlaced square grids.
Each square grid has a grid spacing of 50 mil. The two gnids
are olfset relative to one another 1n the X- and Y-directions by
half a grid spacing (=25 mil) (FIG. 8). Such a gnid can be
illustrated as a square grid placed at an angle of 45°, the gnid
spacing of this inclined square grid being approximately 0.89
mm. The density of the contact points of the basic grid as a
whole 1s 124 contact points per square centimeter. As the test
points of the printed circuit boards to be tested are arranged 1n
an 1rregular pattern, there are regions where the density 1s
increased significantly. In an area of e.g. 1 cmx1 cm, this
density may reach more than 600 printed circuit board test
points.

A very tight spacing of adjacent test needles can be
achieved locally with the known adapters. From EP 206 704
B1, test needles for an adapter which have a tapering contact
tip at their free ends are known. With these needles, the
distances between adjacent contact tips can be reduced to
0.25 mm or less. However, as a result of the securing methods
described above (latex film, fabric, plastic heads), it 1s 1mpos-
sible to arrange a plurality of such tightly spaced test needles
in a preset area of e.g. 1 cmx1 cm. There 1s therefore a great
need for a device for contacting a printed circuit board which
would allow test needles to be arranged at a density of 600 test
needles per cm” at their ends facing the printed circuit board
to be tested.

DE 196 44 7725 C1 describes the basic structure of a full
orid cassette. In this full grid cassette, full grid pins are
installed, each of which comprises an upper and a lower pin
section connected to one another by a coil spring in a resilient
and electrically conductive manner. The spring has a larger
diameter than the pin sections. The holes for the accommo-
dation of the pin sections and the spring are stepped, holding
the full grid pins captive in the tull grid cassette.

DE 199 00 833 B4 describes a test holder for holding

printed circuit boards 1n a test apparatus. The test holder
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comprises a support plate on which a probe plate 1s located.
Holes for the accommodation of spring pressure probes are
provided both in the support plate 12 and 1n the probe plate.
Between the support plate and the probe plate, a probe retain-
ing film 1s provided through which the spring pressure probes
extend. The film may be made of close-celled rubber, 1n
particular latex rubber.

FR 2 887 034 1illustrates the use of a non-sheathed spring,
contact pin formed from a wire with a helically wound spring
section. This spring contact pin 1s located between a substrate
and a soldering point of a printed circuit board. The examiner
has cited this document with reference to the independent
claim.

The invention is therefore based on the problem of creating
a full grid cassette for a parallel tester for testing a non-
componented printed circuit board, a spring contact pin for
such a full grid cassette and an adapter for a parallel tester for
testing a non-componented printed circuit board, which,
compared to conventional devices, would allow locally for a
higher contact point density and which would moreover be
suitable for testing both sides of printed circuit boards.

This problem 1s solved by a full grid cassette with the
feature of claim 1 or 8 respectively, by a spring contact pin
with the features of claim 14 and by an adapter with the
teatures of claim 17. Advantageous further developments of
the invention are specified in the relevant dependent claims.

According to a first aspect of the present invention, a full
orid cassette for an apparatus for testing non-componented
printed circuit boards 1s provided for electrically connecting,
contact points of a basic grid to individual test needles of a
orid pattern adapter. It comprises a basic grid plate oriented
towards the basic grid and an adapter plate oriented towards
the adapter, wherein aligned through holes are provided to
accommodate spring contact pins. Each of the spring contact
pins 1s made from a wire with a helically wound spring
section and located without sheathing in the through holes of
the adapter plate and the basic grid plate. The spring sections
extend at least across the region between the adapter plate and
the basic grid plate. A film 1s provided between the adapter
plate and the basic grid plate. The film has holes through each
of which one of the spring contact pins passes, the width of the
holes being less than the diameter of the spring contact pins in
the region of the spring section.

The spring contact pins are installed without sheathing 1nto
the through holes of the adapter plate and the basic grid plate.
This results 1 a higher grid density compared to a full gnd
cassette with contact pins provided with a sleeve. The spring
contact pins can therefore have a maximum external diameter
of no more than 0.75 mm and can be inserted into holes of a
corresponding size. With these small spring contact pins, a
orid spacing of S0 mil (=1.27 mm) 1s obtained at the full grid
cassette with two interlaced square grids (FI1G. 8). In addition,
two such regular square grids can be offset by half a gnid
spacing, resulting 1n a spring contact pin density which 1s
twice as high as 1n a simple square grid.

The spring contact pins are further retained in the adapter
by the film provided between the adapter plate and the basic
orid plate and secured against falling out. As a result, the
adapter can be handled with either side facing upwards with-
out the loss of the spring contact pins. This 1s particularly
usetul 1n the case of an adapter wherein the test needle 1s only
secured against falling out on one side. The existing grid
cassette can be placed on such an adapter, thus securing the
test needles against falling out on both sides. Either side of
such a unit comprising a full grid cassette and an adapter can
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be arranged to face upwards, and two such units can be
installed into a test apparatus for testing both sides of printed
circuit boards.

The mventors of the present invention are aware of the fact
that 1t 1s significantly more difficult to secure the test needles
of an adapter by means of a film or fabric in the adapter
against falling out at the contact point density required here
than 1t would be to secure the spring contact pins, which are
much thicker than the test needles, in the full grid cassette
against falling out.

The holes 1n the films are preferably designed as slots of a
length which slightly exceeds the external diameter of the
spring contact pins in the region of the spring section and of
a width which 1s slightly less than the external diameter of the
spring contact pins in the region of the spring section and/or
a thickened point. When the spring contact pins are installed
into the full grid cassette, they are pushed through the slots,
which give way laterally 1f a defined pressure 1s applied to the
spring contact pins. When the spring contact pins are located
in the full grnid cassette, the longitudinal edges of the slots
snap 1nto place behind the main thickened point or between
the windings of the spring contact pins, thus securing the
spring contact pins in the full grid cassette.

A polyimide PI film has proved to be particularly suitable
for securing the spring contact pins 1n the full grid cassette.

According to a second aspect of the invention, a full grnid
cassette for an apparatus for testing non-componented printed
circuit boards 1s provided for electrically connecting contact
points of a basic grid to individual test needles of a gnid
pattern adapter. The full grid cassette comprises

a basic grid plate oriented towards the basic grid and an

adapter plate oriented towards the adapter, wherein
aligned through holes are provided to accommodate
spring contact pins, each of the spring contact pins being,
made from a wire with a helically wound spring section
and located without sheathing 1n the through holes of the
adapter plate and the basic grnid plate, and

a guide device located between the adapter plate and the

basic grid plate such that the adapter plate and the basic
orid plate are movable relative to one another 1n the axial
direction of the spring contact pins and have a play in the
plane perpendicular to the axial direction of the spring
contact pins.

The spring contact pins are installed without sheathing into
the through holes of the adapter plate and the basic grid plate.
Each 1s made of a wire and 1s helically wound at least 1n a
spring section. As a result the spring contact pins develop a
spring action in their axial direction. As they are not sheathed
by a sleeve or the like, they also have a certain degree of
clasticity at right angles to their axial direction.

The adapter plate and the basic grid plate are guided by a
guide device such that they are movable relative to one
another 1n the axial direction of the spring contact pins. In
addition however, this guide device 1s designed such that a
play 1s provided at right angles to the axial direction between
the adapter plate and the basic grid plate. As a result, the
adapter plate and the basic grid plate can also be aligned
relative to one another in the transverse direction at right
angles to the axial direction of the spring contact pins. As the
individual spring contact pins have some elasticity in the
transverse direction, they do not impede the displacement of
the adapter plate relative to the basic grid plate. These two
plates can therefore be aligned independently relative to the
basic grid and/or the adapter. At the high contact point density
currently demanded both at the basic grid and at the adapter,
this play offers an important advantage in a test apparatus,
because the adapters in the test apparatus are precisely
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adjusted relative to a frame of the test apparatus, which may
result 1in faulty contacting at the tolerances commonly used in
adapter construction owing to the relatively small contact
pads of the basic grid. Owing to the free movement of the
basic grid plate relative to the adapter plate within this play,
the basic grid plate can be aligned precisely to the correspond-
ing basic grid, and any existing tolerances can be compen-
sated. The play expediently lies within a range of 60 um to
200 um, preferably 80 um to 150 pum.

According to a preferred embodiment, the adapter plate 1s
provided with alignment pins for engagement with the
adapter, while the basic grid plate 1s provided with alignment
pins for engagement with the basic grid plate, the alignment
pins of the adapter plate being independent of and separate
from the alignment pins of the basic gnid plate.

According to a third aspect of the present invention, a
spring contact pin for a full grid cassette 1s provided, which 1s
helically wound from a wire and comprises at least one spring,
section, the maximum diameter of the spring contact pin
being no more than 0.8 mm. At one end of the spring contact
pin, the end winding of the wire has a smaller radius than the
adjacent windings, so that the wire has an end which 1s cen-
trally located relative to the adjacent windings and forms a
central spring contact point.

Such a spring contact pin for a full grnid cassette has a
mimmum length of approximately 15 to 20 mm. The wire has
a thickness of approximately 0.12 mm. The minimum diam-
cter to which such spring contact pins are usually wound 1s
approximately 0.6 mm. This means that the minimum wind-
ing radius 1s approximately 0.3 mm. Smaller radi1 are difficult
and require high forces. The spring contact pin according to
the invention has a winding section with a radius smaller than
that of the adjacent wmdmg at one end. As a result, the end of
this winding section 1s centred relative to the adjacent wind-
ing. The bending of this last winding section 1s a highly
complex operation, because 1n this winding section much
higher forces are required to bend the wire than 1n the other
windings. This centrally located contact point of the spring
contact pin 1s used for contacting contact points of the basic
orid. Owing to the central disposition of the contact point
relative to the spring contact pin, a contact pad on the basic
or1d 1s contacted centrally 1f the spring contact pin 1s pertectly
aligned. With conventional spring contact pins with spring
contact points lying outside the centre, a pad array 1s con-
tacted oif centre even if the spring contact pin 1s perfectly
aligned. As a result, the spring contact point of conventional
spring contact pins may come to lie outside the contact pad of
the basic grid, preventing an electrical contact even at a minor
offset of the contact pad of the basic grid relative to the spring
contact pin. The centrally disposed spring contact point sig-
nificantly increases the tolerance band, which 1n the case of
circular contact pads amounts to a full radius of the circular
contact pad. These spring contact pins with central spring
contact points are particularly useful 1n basic grids with a high
contact point density, as their contact pad 1s very small and
even minor offsets between the spring contact pins and the
contact pads of the basic grid may result 1n faulty contacting.

According to a fourth aspect of the present invention, an
adapter for an apparatus for testing non-componented printed
circuit boards 1s provided. The adapter 1s designed for elec-
trically connecting probes of a full grnid cassette to contact
points of a printed circuit board to be tested. The adapter
comprises a plurality of guide plates 1n which guide holes are
provided through which the contact needles or contact pins
pass, wherein the contact pins are designed for contacting,
plated-through holes of the printed circuit boards to be tested
with a probe tip, and wherein each of the contact pins has a
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locking projection. The guide plate of the adapter which faces
the printed circuit board to be tested has a hole which 1s
designed such that the locking projection can pass through
from the side of the printed circuit board to be tested, and on
the side remote from the printed circuit board to be tested, a
locking recess 1s provided adjacent to the hole to accommo-
date the locking projection.

According to this aspect of the invention, an adapter 1s
provided for electrically connecting probes of a full gnd
cassette to contact points of a printed circuit board to be
tested. This adapter comprises both contact needles and con-
tact pins. The contact needles are provided for contacting pad
arrays on the printed circuit board. The contact needles are
thin, straight wire elements with a slight thickening or wid-
enming at the end facing the full grid cassette. Such contact
needles are known. The widening at an end secures the con-
tact needles against falling out on the side of the adapter
which faces the printed circuit board to be tested. The contact
pins, on the other hand, have a probe tip substantially wider
than the rest of the contact pin on the side facing the printed
circuit board to be tested. Plated-through holes of the printed
circuit board to be tested can be contacted securely with this
probe tip. These contact pins cannot be provided with a thick-
ening at the end facing the full grnid cassette to secure them
against falling out on the side facing the printed circuit board
to be tested. In view of this, 1t 1s proposed that these contact
pins should be provided with a locking projection and the
guide plate of the adapter which faces the printed circuit
board to be tested should be provided with a keyhole. Viewed
from above, the keyhole 1s T-shaped with a “cross bar” and an
“upright”. The cross bar 1s long enough to enable the contact
pin with 1ts locking projection, which is preferably provided

on both sides, to pass through the cross bar. The cross bar 1s
turther located slightly aside from the ideal position of the
contact pin, so that the latter comes to lie 1n the upright of the
T-hole through the guidance of the further guide plates. As a
result, the locking projections come to lie on the guide plate
with the keyhole and secure the contact pin against falling out.
In a further development, a recess may be provided on the
guide plate with the keyhole on the side remote from the
printed circuit board such that the locking projection 1s
accommodated there and the contact pin 1s secured against
twisting. In this embodiment, the hole through which the
contact pin together with its locking projection 1s passed does
not have to be located outside the 1deal position of the contact
pin. On the side of this guide plate which 1s remote from the
printed circuit board to be tested, a recess accommodating the
locking projection 1s provided adjacent to this hole. This
secures the contact pin against twisting, and 1t comes to lie on
this guide plate with its locking projection, whereby 1t 1s
secured against falling out on the side facing the printed
circuit board to be tested as well.

I1 such an adapter 1s fitted to a full grid cassette, the contact
needles and contact pins of the adapter can no longer fall out
on the side of the full gnd cassette. On the other hand, the
contact needles are secured against falling out on the side of
the adapter which 1s remote from the tull grid cassette by their
widening, while the contact pins are secured by their locking
projections. The unit comprising the adapter and the full grnd
cassette can therefore be handled with either side facing
downwards without losing any contact needles or contact
pins.

The mmvention 1s explained 1n greater detail below with
reference to the drawings. Of the drawings:

FIG. 1 1s a sectional view of a region of an adapter together
with an adjoining section of a full grid cassette;
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FIG. 2 1s a sectional view of a region of the full grid cassette
from FIG. 1 together with a section of the adapter;

FIG. 3 shows a section of the contact region between con-
tact needles of the adapter and spring contact pins of the full
orid cassette;

FIGS. 4a and 4b are diagrammatic sections through a
region of the full grid cassette and an adapter in the unloaded
state (FI1G. 4a) and in the loaded state (F1G. 4b6);

FIG. 5 1s a diagrammatic representation of various contact
needles and contact pins of the adapter together with a printed
circuit board to be tested;

FI1G. 6a1s a diagrammatic representation of a contact pin of
the adapter with a locking projection and some guide plates of
the adapter;

FIG. 65 1s a diagrammatic section of a guide plate with a
hole for the accommodation of the contact pin from FIG. 6a;

FI1G. 7 1s a diagrammatic representation of an end section
of a spring contact pin with a central spring contact point; and

FI1G. 8 1s a top view of a section of a basic grid constructed
from modules.

A parallel tester comprises a plate-shaped basic grid ele-
ment 1 (FIG. 2) with a plurality of contact points in the form
of contact pads arranged in a regular grid pattern. Each of
these contact points of the basic grid plate 1 1s connected to a
port of an electronic evaluation unit. The basic grid plate 1
supports a full grid cassette 2 with spring contact pins 3. The
spring contact pins 3 of the full grid cassette 2 are arranged 1n
the same grid pattern as the contact points of the basic grid
plate, so that each contact point of the basic gnid plate 1
touches and electrically contacts a spring contact pin 3. The
spring contact pins 3 are arranged parallel to one another.

In the present embodiment, the full grid cassette 2 com-
prises a basic grid plate 4 and an adapter plate 5. The plates 4,
5 have a thickness of 7 mm. Through holes 6 with a constant
cross-section are provided in the adapter plate 5 for accom-
modating a spring contact pin 3 each. The diameter of the
through holes 6 1s approximately 0.75 mm.

The basic grid plate 4 1s likewise provided with through
holes 7. These through holes 7 have an annular step 8, the
diameter of the through holes 7 corresponding to the diameter
of the through holes 6 of the adapter plate S 1n the section
between the annular step 8 and the side of the basic grid plate
4 which faces the adapter plate 5 while being somewhat less,
for example 0.6 mm, in the section from the annular step 8 to
the side of the basic grid plate 4 which faces the basic grid
plate 1.

Several guide devices 9 are arranged in the edge region of
the two plates 4, 5. Each of the guide devices 9 comprises two
cylindrical sleeves which are displaceable relative to one
another and wherein a coil spring (not illustrated) 1s located.
The guide devices 9 are non-positively and/or positively
joined to the plates 4, 5. The corresponding holes in the basic
orid plate 4 and the adapter plate 5 are arranged such that they
resiliently push apart the two plates 4, 5 to some degree. If no
external pressure acts on the full grid cassette 2, a distance of
approximately 2 to 5 mm 1s created between the two plates 4,
5 by the guide devices 9. In this way, the guide devices 9 guide
the two plates 4, 5, 1f loaded, 1n such a way that they are
substantially moved towards one another 1n the axial direc-
tion 10 of the spring contact pins 3 only.

The guide devices 9 are however disposed on the two plates
4, 5 and designed such that there 1s a play between the basic
orid plate 4 and the adapter plate 5 at right angles to the axial
direction 10. The spring contact pins 3 are wound from a wire
with a thickness of e.g. 0.12 mm. They comprise a spring,
section 11 extending along most of the length of the spring
contact pins 3. In the spring section 11, the spring contact pins
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3 are helically wound with adjacent windings being arranged
at a distance from one another, so that these spring sections
provide a resilient spring action.

At the end facing the adapter, the spring section 11 merges
into a so-called trumpet section 12. The trumpet section 12
comprises a few windings without axial spacing. As a resullt,
the trumpet section 12 1s rigid. It has a taper which widens
again towards the end. This creates a depression facing the
adapter. This depression accommodates the ends of contact
needles or contact pins of the adapter. This taper gives the
trumpet section the shape of a trumpet and thus 1ts name. The
applicant 1dentifies such spring contact pins with a trumpet
section as “trumpet springs’.

At the end remote from the trumpet section 12, the spring
section 11 merges into a thickened section 13 with a few
windings with a diameter larger than that of all the other
windings of the spring contact pin 3.

The thickened section 13 1s adjoined by a plug-in section
14 of the spring contact pin 3. The individual windings of the
plug-1n section 14 have a smaller diameter than those of the
spring section 11 and are not spaced, so that the plug-in
section 14 1s rngid. At the end of the plug-in section 14 which
taces the basic grid plate 1, the spring contact pin 3 has a slight
taper, the last winding section being bent to a smaller radius
than the adjacent windings, so that the end of the wire of the
spring contact pin 3 1s approximately central relative to the
adjacent windings. This creates a central spring contact point
15 (FIG. 2, FIG. 8).

FIG. 8 1s atop view of a section of a basic grid with contact
pads 16. This basic grid comprises two 1nterlaced square
orids. Each square grid has a grid spacing of 50 mil. The two
orids are offset relative to one another 1n the X- and Y-direc-
tions by half a grid spacing (=25 mul).

The contact point of conventional spring contact pins lies
outside the centre of the spring contact pin on a circular line
indicated diagrammatically in FIG. 8 as circular line 17. I the
spring contact pin 1s not centred accurately relative to the
contact pad, there 1s a risk that the spring contact pin may
contact the basic grid element outside the contact point,
whereby an electrical contact would be prevented. With an
eccentric placing of the contact point, faulty contacting may
be caused even at an offset which 1s only equal to the distance
between the circular line 17 and the outer edge of the contact
pad 16 (=As).

With a central placing of the spring contact point 15 of the
spring contact pin 3, the spring contact pin 3, 1f perfectly
aligned, contacts a contact pad 16 precisely 1n the centre. The
tolerance band from which there 1s a risk of faulty contacting
therefore covers the full radius R of the contact pad 16, being
a multiple of the tolerance band As achieved by the accurate
placing of conventional spring contact pins.

This 1s particularly advantageous i1 the basic grid 1s con-
structed from several modules 18. There are abutting edges 19
between the modules. In the region of the abutting edges 19 of
the modules, the contact pads 16 are slightly cut for reasons of
manufacturing technology, so that the tolerance band for an
olfset of the spring contact pins relative to the contact pads 16
1s reduced even more. In the region of the abutting edges 19,
the risk of faulty contacting with an eccentric contact point 1s
increased significantly.

The contact pads shown 1n FIG. 8 have a diameter D of
0.635 mm or a radius of 0.317 mm. the optimum obtainable
tolerance 1s therefore 0.317 mm. In conventional spring pins,
the circular line 17 has a diameter o1 0.4 mm (r=0.2 mm). This
results 1n a tolerance band of only 0.117 mm. If the contact
pads 16 are cur at the abutting edges, this 1s reduced to 0.06
mm.
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A film 20 1s placed in the region between the basic grid
plate 4 and the adapter plate 5. This thin plastic film 1s pro-
vided with holes 1n the grid pattern of the spring contact pins
3. These holes are preferably slots, the length of which 1s
approximately equal to or slightly exceeds the external diam-
cter of the spring contact pins 1n the region of the spring
section 11 and the width of which 1s slightly less than the
maximum thickness of the spring contact pins.

As the spring contact pins are mserted into the full grid
cassette, the holes in the film 20 are temporarily expanded
clastically, in particular during the entry of the thickened
section 13, and the longitudinal edges of the slot bend out-
wards. When the spring contact pin reaches its end position,
the longitudinal edges snap back behind the thickened section
and/or 1nto the space between two windings. This secures the
spring contact pin 3 against falling out of the full grid cassette.
The weight of the spring contact pins 3 1s 1n particular not
suificient to push them through the respective slot by their
thickened section 13.

In the present embodiment, the film 1s made of polyimide
(PI).

The basic grid plate 4 and the adapter plate 5 are made of a
non-fibrous plastic material. This gives the through holes 6, 7
a smooth surface which facilitates the insertion of the spring
contact pins. An example for a suitable plastic material 1s
polyether ether ketone (PEEK). In the present embodiment,
the plates 4, 5 have a thickness of 7 mm. A plate thickness of
5 to 10 mm 1s concervable.

The electrical connection between the spring contact pins
arranged 1n a regular grid pattern and the irregularly arranged
contact points of a printed circuit board to be tested, which
will heremnafter be referred to as printed circuit board test
points, 1s established via an adapter 21. The adapter 21 1s
constructed from a plurality of guide plates arranged parallel
to one another. Adjacent to the full grid cassette 2, a plate
assembly with two plates 1s provided, which has holes match-
ing the pattern of the spring contact pins of the full gnd
cassette or of the contact points of the basic grid respectively.
This plate assembly will hereinafter be referred to as basic
orid unit 22 or BG unit 22. The BG unit 22 comprises a cover
plate 23 and a structural plate 24. The cover plate immediately
adjoins the full grid cassette 2 and has a thickness of approxi-
mately 1.5 mm. The structural plate 24 1s in contact with the
cover plate 23. It has a thickness of 3 mm and provides the
adapter with the necessary mechanical strength on the side
facing the full grid cassette.

A retaining plate 25 1s provided at a slight distance from the
structural plate 24. The retaining plate has a thickness of 3
mm.

Four thin guide plates 26 are arranged at a distance from
one another. Each has a thickness of 0.3 mm. On the side of
the adapter 21 which faces the printed circuit board, an
assembly of three plates 1s provided, which will hereinafter be
referred to as printed circuit board unit or PCB unit 27. The
PCB unit comprises a structural plate 28, a guide plate 29 and
a cover plate 30. The structural plate 28 provides the PCB unait
27 with the necessary mechanical strength. This structural
plate 28 has a thickness of 4 mm.

The cover plate 23 and the cover plate 30 are bolted to the
other plates of the adapter outside the test area. These screw
connections can therefore not affect the electrical properties
ol the adapter.

The guide plate 29 1s once again a thin guide plate with a
thickness o1 0.3 mm. In such a thin plate, the holes for guiding,
the contact needles and contact pins can be produced more
casily with a high precision than 1n the thicker structural and
retaining plates. The guide plate 29 has a hole pattern which
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matches that of the printed circuit board test points and
thereby ensures that the test needles of the adapter 21 are
aligned accurately to the printed circuit board test points.

With the exception of the cover plates 23, 30, all plates are
held at the required spacing by several known column mecha-
nisms 33. Between the BG unit 22 and the PCB unit 27,
alignment pins 34 are provided, each of which positively
passes through a hole 1n the retaining plate 235 and in the guide
plates 26, thereby precisely aligning the plates 25, 26.

The adapter 21 may be provided both with contact needles
31 and with contact pins 32 as test needles. The contact
needles 31 are used for contacting pad arrays on the printed
circuit board to be tested. The contact pins 32 are designed for
contacting plated-through holes 37 of the printed circuit
board 35.

The contactneedles 31 may have different diameters. Inthe
present embodiment, contact needles with a diameter of 0.15
mm and contact needles 31.2 with a diameter o1 0.25 mm are
provided. Fach of these contact needles 31 has a circular
cross-section. At the ends facing the full grid cassette, they are
provided with a thickening 38. This thickening 38 may be
produced either by means of a snap-on or shrunk-on sleeve
38.1 or by means of a crimping 38.2 of the contact needle
31.2. Crimping 1s easier and more cost-effective. It requires a
certain material thickness of the contact needle, however, and
1s mainly suitable for thicker contact needles. Thinner contact
needles are better fitted with an additional sleeve 38.1.

Stepped holes are provided in the cover plate 23 to accom-
modate the crimping 38.2 of the contact needles 31.2, and
stepped holes are provided 1n the retaining plate 25 to accom-
modate the sleeves 38.1. These stepped holes prevent the
thickening 38 of the contact needles 31 from passing through
the plate 23, 25, thus securing them against falling out
towards the side of the printed circuit board to be tested.

In principle, such contact needles 31 are capable of con-
tacting edge regions of the plated-through holes 37 on the
surface of the printed circuit board 35. Experience shows,
however, that the offsets of pad arrays 36 and plated-through
holes 37 are independent of one another owing to the different
production processes used. This means that, as a rule, all pad
arrays 36 have a defined offset relative to their 1deal position
by a predetermined amount and 1n a predetermined direction,
while all plated-through holes have a different offset in a
predetermined direction and by a predetermined amount. The
contact needles 31 have to be aligned and adjusted very pre-
cisely to the small pad arrays 36.

The contact pins 32, which are specifically designed for
plated-through holes 37, have a widened scanming head 39 at
the end facing the printed circuit board 35. A triangular point
of this scanning head 39 points towards the printed circuit
board 35. This permits the secure contacting of the plated-
through hole 37 even if the contact pins 32 are not aligned so
precisely to the plated-through holes 37 as the contact needles
31 are aligned to the pad arrays 36. In this way, all printed
circuit board test points 36, 37 can be contacted securely even
if the adapter 21 1s mainly aligned to the printed circuit board
35 with reference to the contact needles 31 and the corre-
sponding pad arrays 36.

The contact pins 32 according to the present embodiment
are made of thin sheet metal with a thickness of e.g. 0.2 mm.
The scanning heads are likewise made of this sheet metal.

Locking projections 40 are provided on the contact pins 32
at a slight distance adjacent to the scanning heads 39 (FIG. 5,
6a).

To accommodate the contact pins 32, special holes herein-
after referred to as keyholes 41 are provided 1n the PCB unait
277. These keyholes are large enough to allow the passage of
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the contact pin 32 together with its locking projection(s) 40.
The keyhole 41 may be adjoined on the side of the PCB unait
27 which 1s remote from the printed circuit board by a recess
42 for the accommodation of the locking projection 40. In the
embodiment shown 1n FIG. 65, the keyhole 41 1s T-shaped 1f
viewed from above, so that the contact pin 32 together with its
locking projection 40 can be guided through the “cross bar 43
of the T””, whereupon it 1s displaced along the “upright 44 of
the T at the narrow section of the contact pin 32 1n the region
between the locking projection 40 and the scanning head 39.
The recess 42 for the accommodation of the locking projec-
tion 40 adjoins the end of the upright 44 which 1s remote from
the cross bar 43. The locking projection 1s installed into this
recess 42, preventing the contact pin from moving back
towards the cross bar 43 and from falling out of the adapter 21
on the side facing the printed circuit board.

The recess 40 1s formed 1n the structural plate 28 of the
PCB unit 27.

Within the scope of the invention, the keyhole 41 and the
recess 42 may obviously have other shapes. The keyhole 41
may be designed as a slot, and the recess 42 may extend at
right angles to the slot 11 viewed from above. In this case, the
contact pin 32 will have to be rotated by 90° 1n the keyhole 41
tollowing the isertion of the locking projection(s) 40, so that
the locking projections 40 come to lie 1n the recess.

The kevhole 41 may alternatively be designed without a
corresponding recess. The guide holes 1n the other guide
plates 26 are arranged such that they guide the contact pin 32
through the keyhole 41 at a point which 1s so narrow that the
locking projection(s) 40 come(s) to lie on the guide plate 27.
In the T-shaped keyhole shown in FIG. 65, this position,
which 1s the 1deal position of the contact pin 32, 1s located in
the region of the upright 44. For insertion or removal, the
contact pin 32 has to be bent to guide the locking projections
40 through the cross bar 43 of the T-shaped keyhole 41.

The contact pins 32 in the adapter 21 are oriented substan-
tially perpendicular to the individual plates 23-30. The con-
tact needles 31, on the other hand, are often inclined 1n the
adapter 21. As a result, contact points of the printed circuit
board to be tested which are not located 1n the grid can be
contacted, and the ends of many contact needles 31 can be
provided 1n locally limited regions on the side of the printed
circuit board to be tested 1n order to obtain a high contact
density. On the opposite side facing the full grid cassette 2, the
ends of these contact needles are distributed over a much
larger area in which they contact a plurality of spring contact
pins 3. For this reason, it 1s desirable to incline the contact
needles 31 as much as possible. In principle, there are no
mechanical limits to the inclination of the contact needles 31.
Any such inclination however shortens the contact needle 31
in the axial direction, this being the direction perpendicular to
the plates 23-30. This length difference 1n the axial direction
1s compensated by the spring contact pins 3.

FIG. 4a 1s a highly diagrammatic and simplified represen-
tation of the full grid cassette 2 and the adapter 21 in the
unloaded state. In this state, the basic grid plate 4 and the
adapter plate 5 are pushed apart slightly by the guide device 9,
and the spring contact pins 3 lie in the through holes 6, 7 in the
released state. The basic grid plate 4 1s fitted With several
alignment pins 45 1n engagement with alignment holes 46 of
the basic grid element. Alignment pins 47 of the adapter plate
21 are 1n engagement with corresponding alignment holes 48
in the BG unit 22. The thickened sections of the contact
needles 31 are accommodated in the depressions of the trum-
pet sections 12 of the spring contact pins 3. The inclined
contact needles 31 are arranged at a distance from the printed
circuit board to be tested.
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I1 this contact assembly 1s now loaded, 1.e. compressed by
a suitable press, the basic grid plate 4 and the adapter plate 5

are pushed together 1n the full grid cassette 2 against the
spring action of the guide devices 9. This pushes the spring
contact pins 3 towards the adapter 21. They are now spring-
loaded against the contact needles 31. The contact needles 31
are then pushed towards the printed circuit board to be tested,
so that all contact needles 31 contact the respective printed
circuit board test points. FIG. 45 clearly illustrates the differ-
ent levels of the contact points between contact needles and
spring contact pins in inclined and non-inclined arrange-
ments.

The spring contact pins 3 to which no contact needle 31 or
contact pin 32 1s assigned are pushed against the cover plate
23 of the adapter 21. In addition, the cover plate 23 covers the
screw elements securing the column mechanisms 33 in the
adapter 21. The cover plate 23 therefore ensures that there
cannot be any unwanted contact between unused spring con-
tact pins 3 and other elements of the adapter.

It should further be noted that the alignment pins 45 of the
basic grid plate 4 and the alignment pins 47 of the adapter
plate 5 are independent of one another, allowing the basic grid
plate 4 and the adapter plate 5 to be independently aligned to
the basic grnid element 1 or the adapter 21 respectively. This
independent alignment 1s further facilitated by the play
between the basic grid plate 4 and the adapter plate 5. This
play 1s on the one hand provided by the guide devices 9 and on
the other hand by the fact that the spring contact pins 3 extend
without a steel sleeve across the gap between the basic grid
plate 4 and the adapter plate 5 and are therefore movable at
right angles to their axial direction 10.

The invention can be summarised brietly as follows:

The 1nvention relates to a full grid cassette for a parallel
tester for testing a non-componented printed circuit board, to
a spring contact pin for such a full grid cassette and to an
adapter for a parallel tester for testing a non-componented
printed circuit board.

According to a first aspect of the present invention, spring
contact pins are secured 1n the full grid cassette by means of
a film. According to a further aspect of the present invention,
the full grid cassette comprises two plates which are movable
relative to one another in the axial direction of the spring
contact pins and have a play at night angles to the axial
direction. According to a third aspect of the present invention,
the spring contact pins are designed with a central spring
contact point. According to a further aspect of the present
invention, an adapter 1s provided with contact pins fitted with
a scanning head, wherein the contact pins have a locking
projection securing them against falling out on a guide plate
of the adapter.

LIST OF R

L.
Y

ERENCE NUMBERS

1 Basic grid element

2 Full grid cassette

3 Spring contact pin

4 Basic grid plate

5 Adapter plate

6 Through hole of adapter plate

7 Through hole of basic grid plate

8 Annular step

9 Guide device

10 Axial direction of the spring contact pins
11 Spring section

12 Trumpet section
13 Thickened section

14 Plug-1n section
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15 Central spring contact point
16 Contact pad of the basic gnid
17 Circular line

18 Module

19 Abutting edge

20 Film

21 Adapter

22 BG unait

23 Cover plate

24 Structural plate

25 Retaining plate

26 Guide plate

27 PCB unit

28 Structural plate

29 Guide plate

30 Cover plate

31 Contact needle

32 Contact pin

33 Column mechanism
34 Alignment pin

35 Printed circuit board
36 Pad array

3’7 Plated-through hole
38 Thickening

39 Scanning head

40 Locking projection
41 Kevhole

42 Recess

43 Cross bar

44 Upright

45 Alignment pin

46 Alignment hole

47 Alignment pin

48 Alignment hole

The mvention claimed 1s:

1. A full gnd cassette for an apparatus for testing non-
componented printed circuit boards, the full grid cassette
clectrically connects contact points of a basic grid to indi-
vidual test needles of an adapter, wherein the tull grid cassette
COmMprises:

a basic grid plate oniented towards the basic grid and an
adapter plate oriented towards the adapter, wherein
aligned through holes 1n each of the basic grid plate and
the adapter plate are provided to accommodate spring
contact pins, each of the spring contact pins being made
from a wire with a helically wound spring section and
located without sheathing 1n the through holes of the
adapter plate and of the basic grid plate and the spring
sections extending at least across a region between the
adapter plate and the basic grnid plate; and

a film located between the adapter plate and the basic grid
plate and provided with holes through each of which one
of the spring contact pins passes, the width of the holes
being less than the maximum diameter of the spring
contact pins.

2. The tull gnd cassette according to claim 1, wherein the
holes of the film are designed as slots, the length of which 1s
approximately equal to or slightly exceeds the maximum
diameter of the spring contact pins.

3. The full gnd cassette according to claim 2, wherein the
f1lm 1s made of polyimide.

4. The full gnd cassette according to claim 3, wherein the
spring contact pins are made of spring wire.

5. The full grid cassette according to claim 4, wherein a
taper 1s provided in the through holes of the basic grid plate or
the adapter plate, the through hole tapering towards the out-
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side of the full grid cassette, and 1n that the spring contact pins
have a thickened section located between the taper and the
f1lm.

6. The full grid cassette according to claim S5, wherein the
taper 1s configured as an annular step.

7. The 1ull grid cassette according to claim 1, wherein the
f1lm 1s made of polyimide.

8. The full grid cassette according to claim 1, wherein the
spring contact pins are made of spring wire.

9. The full grid cassette according to claim 1, wherein a
taper 1s provided 1n the through holes of the basic grid plate or
the adapter plate, the through hole tapering towards the out-
side of the full grid cassette, and 1n that the spring contact pins
have a thickened section located between the taper and the
f1lm.

10. The full grid cassette according to claim 9, wherein the
taper 1s configured as an annular step.

11. The full grid cassette according to claim 1, wherein the
spring section of the spring contact pins extends across a
region between the adapter plate and the basic grid plate.

12. The full grid cassette according to claim 1, wherein the
spring contact pins are arranged in a regular grid pattern
corresponding to the basic grid.

13. The full grid cassette according to claim 1, wherein the
test needles of the adapter comprise contact needles and/or
contact pins.

14. A unit comprising a full grid cassette according to claim
1 and an adapter for an apparatus for testing non-compo-
nented printed circuit boards, wherein the adapter being
designed for electrically connecting contact pins of a full grid
cassette with contact points of a printed circuit board, wherein
the adapter comprises test needles which are secured from
dropping out on just one side of the adapter, and the full grid,
cassette 1s attached on the side of the adapter on which the test
needles are not secured.

15. The unit according to claim 14, wherein the adapter
comprises contact needles or contact pins as well as a plural-
ity of guide plates, wherein guide holes are formed through
which the contact needles or the contact pins pass, wherein
the contact needles or contact pins are designed for contacting
plated-through holes of the printed circuit boards to be tested
with a scanming head which 1s significantly wider than the rest
ol the contact needles or contact pins, and wherein the contact
needles or contact pins have a locking projection and the
guide plate of the adapter which faces the printed circuit
board to be tested has a keyhole designed such that the lock-
ing projection can be passed through from the side of the
printed circuit board to be tested, and wherein, on the side
remote from the printed circuit board to be tested, either a
locking recess 1s provided adjacent to the keyhole for the
accommodation of the locking projection, or the keyhole has
a region through which the locking projection can be passed
and which 1s slightly offset from an ideal position of the
contact needles or contact pins and has a narrower region
which extends to the 1deal position, so that the contact needles
or contact pins adopt 1ts 1deal position guided by the further
guide plates and the locking projection comes to lie on the
guide plate provided with the keyhole.

16. A tull gnid cassette for an apparatus for testing non-
componented printed circuit boards, the full grid cassette
clectrically connects contact points of a basic grid to indi-
vidual test needles of an adapter, wherein the full grid com-
Prises:

a basic grid plate oriented towards the basic grid and an
adapter plate oriented towards the adapter, wherein
aligned through holes are provided to accommodate and
guide spring contact pins, each of the spring contact pins
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being made from a wire with a helically wound spring
section and located without sheathing in the through
holes of the adapter plate and of the basic grid plate; and

a guide device located between the adapter plate and the

basic grid plate such that the adapter plate and the basic
or1d plate are movable relative to one another 1n an axial
direction of the spring contact pins and have play 1n a
plane perpendicular to the axial direction of the spring
contact pins.

17. The full grid cassette according to claim 16, wherein
the play lies within a range of 60 um to 200 um, preferably 80
um to 150 um.

18. The tull grid cassette according to claim 16, wherein
the spring section of the spring contact pins extends across a
region between the adapter plate and the basic grid plate.

19. The tull grid cassette according to claim 16, wherein
the spring contact pins are arranged 1n a regular grid pattern
corresponding to the basic grid.

20. The tull grid cassette according to claim 16, wherein
the test needles of the adapter comprise contact needles and/
or contact pins.

21. A unit comprising a full grid cassette according to claim
16 and an adapter for an apparatus for testing non-compo-
nented printed circuit boards, wherein the adapter 1s designed
tor electrically connecting contact pins of a full grid cassette
with contact points of a printed circuit board, wherein the
adapter comprises test needles which are secured from drop-
ping out on just one side of the adapter, and the full gnd
cassette 1s attached on the side of the adapter on which the test
needles are not secured.

22. The unit according to claim 21, wherein the adapter
comprises contact needles or contact pins as well as a plural-
ity of guide plates, wherein guide holes are formed through
which the contact needles or the contact pins pass, wherein
the contact needles or contact pins are designed for contacting,
plated-through holes of the printed circuit boards to be tested
with a scanning head which 1s significantly wider than the rest
of the contact needles or contact pins, and wherein the contact
needles or contact pins have a locking projection and the
guide plate of the adapter which faces the printed circuit
board to be tested has a keyhole designed such that the lock-
ing projection can be passed through from the side of the
printed circuit board to be tested, and wherein, on the side
remote from the printed circuit board to be tested, either a
locking recess 1s provided adjacent to the keyhole for the
accommodation of the locking projection, or the keyhole has
a region through which the locking projection can be passed
and which 1s slightly offset from an ideal position of the
contact needles or contact pins and has a narrower region
which extends to the 1deal position, so that the contact needles
and contact pins adopt 1ts 1deal position guided by the further
guide plates and the locking projection comes to lie on the
guide plate provided with the keyhole.

16

23. The unit according to claim 22, wherein the adapter 1s
provided both with contact needles and with contact pins.
24. The unit according to claim 22, wherein the contact
pins are made of thin sheet metal.
d 25. A contact pin for a full grid cassette comprising:
a spring contact pin helically wound from a wire having at
least one spring section,
wherein a maximum diameter of the spring contact pin 1s
no more than 0.8 mm and an end winding 1s wound to a
smaller radius than adjacent windings, so that the wire
has an end which 1s disposed centrally relative to the
adjacent windings and forms a central contact point.
26. The spring contact pin according to claim 25, wherein
the wire 1s a spring wire.
277. The spring contact pin according to claim 235, wherein
the wire has a diameter approximately 0.10 mm to 0.15 mm.
28. The spring contact pin according to claim 27, wherein
the diameter 1s approximately 0.10 mm to 0.12 mm.
29. An apparatus for testing non-componented printed cir-
cuit boards comprising:
an adapter electrically connecting spring contact pins of a
full grid cassette to contact points of a printed circuit
board to be tested,
wherein the adapter 1s provided with a plurality of guide
plates,
wherein guide holes are formed through the plurality of
guide plates which a plurality of contact pins pass,
wherein the contact pins contact plated-through holes of
the printed circuit boards to be tested with a scanning
head which 1s wider than the rest of the contact pin,
wherein the contact pin has a locking projection and the
guide plate of the adapter which faces the printed circuit
board to be tested has a keyhole configured such that the
locking projection can be passed through from a side of
the printed circuit board to be tested, and
wherein on the side remote from the printed circuit board to
be tested, erther a locking recess 1s provided adjacent to
the keyhole for the accommodation of the locking pro-
jection, or the keyhole has a region through which the
locking projection can be passed and which 1s offset
from an 1deal position of the contact pin and has a nar-
rower region which extends to the 1deal position, so that
the contact pin adopts a position guided by the further
guide plates and the locking projection comes to lie on
the guide plate provided with the kevhole.
30. The adapter according to claim 29, wherein the adapter
has both contact needles and contact pins.
31. The adapter according to claim 30, wherein the contact
50 pins are made of thin sheet metal.
32. The adapter according to claim 29, wherein the contact
pins are made of thin sheet metal.
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